The chemical contents and compositions of four essential oils extracted from leaves, branches, fruits and gum-resin of Juniperus excelsa from Jabal Al-Akhdhar in the Sultanate of Oman were studied using infra-red (IR) spectroscopy and gas chromatography-mass spectrometry (GC-MS). IR analysis revealed the presence of C-H, O-H, C=C and C=O functionality bonds with varied intensities. The GC-MS study showed the occurrence of 35 different monoterpenes of which 11 (31.43%) monoterpenes were shared by the four oils. α-Pinene was detected in branches and gum-resin oils as a major compound with different proportions (80.50% in gum oil and 79.03% in branches oil). The major component in leaf and fruit oils was the monoterpene limonene with proportions of 50.46% and 42.51%, respectively. Sesquiterpenes exist in leaf, branch and fruit essential oils but not in gum-resin oil. The essential oil of the leaves showed stronger antioxidant and radical scavenging activities than the other oils. 
‫العلعالن‬ ‫شجزة‬ ‫مه‬ ‫مختلفت‬ ‫أجشاء‬ ‫مه‬ ‫مستخلصت‬ ‫عطزٍت‬ ‫سٍوث‬ ‫ألربعت‬ ‫التأكسذ‬ ‫تثبَط‬ ‫علي‬ ‫القذرة‬ ‫ودراست‬ ‫الكَمَائٌ‬ ‫المحتوى‬ ‫مقاروت‬

‫البوصافٌ‬ ‫صالح‬ ‫المىذرً‬ ‫ووال‬ ‫الزٍامٌ،‬ ‫أماوٌ‬ ‫السعَذً،‬ ‫سالم‬
Introduction
he Juniper tree (Juniperus excelsa) grows at an altitude of about 2,300 m on Jabal Al-Akhdar (Sultanate of Oman) in an open dry mountain forest under suitable conditions [1] . In addition, J. excelsa can be found throughout the eastern Mediterranean from northeastern Greece and southern Bulgaria across Turkey to Syria [2] , and in the mountains of Iran, Pakistan, Saudi Arabia, and Yemen [3] . Traditionally, J. excelsa is used in folk medicine to treat different ailments such as abdominal rigidity, asthma, fever, headache, diabetes and leucorrhoea [4, 6] . In other parts of the world, the plant is considered useful as an antihypertensive, diuretic, appetizer, carminative, stimulant, anticonvulsant, flavoring agent, and as a remedy for tuberculosis [7, 8] .
Bioactivity studies performed on J. excelsa have revealed antibacterial [9] , antifungal [10] , and bronchodilatory activities [11] . Sandracopimaric acid, a diterpene isolated from J. excelsa was found to exhibit significant antibacterial activity against Bacillus subtilis, Staphylococcus aureus and Streptococcus durans [12] .
T
Moreover, hexane extract of the berries of J. excelsa exhibited potent activity against a human colon cancer cell line [13] .
Chemical compositions of essential oil of J. excelsa leaves and fruits have revealed diverse ratios of monoterpenes and sesquiterpenes from one region to another. In this regard, chemical analysis of the essential oil of the leaves of J. excelsa from the Crimea revealed the presence of -pinene (56.2%), limonene (10.4%), -3-carene (3.1%), camphene (2.9%), -pinene (1.2%), -terpinene (1.9%) and terpinolene (0.8%) [14] . The essential oil (EO) extracted from the leaves of J. excelsa from Jammu (India) was reported to contain sabinene (36.1%) and cedrol (26.8%) as the major components [15] . Chemical analysis of the leaf oil of J. excelsa from Greece revealed the presence of cedrol (28.1%), -pinene (22.5%) and limonene (22.7%) as the major components [16] . The essential oil extracted from the J. excelsa fruits of Iran origin showed -pinene (89.5%), myrcene (2.6%), germacrene (2.2%), and limonene (1.3%) with other minor components [17] . Essential oil of the leaves of J. excelsa from Oman has been found to possess limonene (49.6%), germacrene (9.6%), -3-carene (5.9%), α-pinene (4.81%) and γ-cadinene (3.76%) [18] .
In addition, the juniper tree produces gum-resin that appears on the surface of the branches. The chemical compositions of the essential oil extracted from the gum-resin of J. excelsa have not yet been described in the literature. In this study we analyzed the chemical contents and compositions of the essential oil of the gum-resin of J. excelsa along with essential oils of the leaves, branches and fruits using IR spectroscopy and GC-MS spectrometry. Additionally, the four extracted materials were subjected to antioxidant and radical scavenging activity tests.
Materials and Methods
Plant materials
Gum resin, leaves, branches and fruits of J. excelsa were collected in October 2013 at Jabal Al-Akhdhar, Sultanate of Oman. The plant was botanically identified by Dr. Amina Al-Farsi at the Botanical section of the Life Science Unit, College of Science, Sultan Qaboos University.
Extraction of volatile oil
Fresh 70.2 g, 152.0 g, 212.0 g and 230.4 g samples of gum-resin, leaves, branches and fruits, respectively, of J. excelsa were subjected to hydro distillation using Clevenger's apparatus until complete exhaustion to yield 3.1 g (4.4%), 0.41 g (0.27%), 0.68 g (0.32%) and 1.2 g (0.52%) of essential oils respectively. The obtained oils were collected, dried over magnesium sulphate and kept at 4 0 C until analysis. The isolation percentage was calculated based upon the weight of the fresh materials used. IR spectra were obtained using the neat liquid method with a Nicolet model Magna 560 spectrometer; absorption bands are recorded in wave number (cm -1 ).
Gas chromatography-mass spectrometry
The GC-MS analyses were carried out with a Shimadzu GC-MS-QP/5050A apparatus equipped with a quadrupole mass spectrometer and a J&W Scientific DB-5MS (5% phenyl / 95% dimethylpolysiloxane) fused-silica capillary column (30 m x 0.25 mm I.D. x 0.25 mm film thickness). The oven temperature was programmed to increase from 31˚C to 271˚C at 3 ˚C /min. Injector and interface temperatures were kept at 275 ˚C and 300 ˚C respectively. Helium was used as carrier gas with a linear velocity of 44.6 cm/s, column flow rate of 1.5 mL/min and total flow rate of 36 ml/min. The split ratio was 1:21. Mass spectra were continuously recorded over the mass range 35 to 501 amu. The MS operating parameters were as follows: ionization voltage 70 eV and scan rate 500 amu/s. The oil constituents were identified by comparison of their Kovat's relative retention indices (RIs), determined relative to the retention times (tR) of a homologous series of n-alkanes (C8 -C30), with those reported in the literature. Additionally, the mass spectra obtained were compared to those recorded in the computer MS library (Wiley 229,000 database). The percentage composition was determined by using the single area percentage method without considering corrections for response factors.
Evaluation of total antioxidant activity by the phosphomolybdenum method
The antioxidant activity of the essential oils was evaluated by the phosphomolybdenum method according to the procedure of Prieto et al. [19] . An aliquot of 0.3 ml of sample solution (1 mM in methanol) was combined in a 4 ml vial with 3 ml of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The vials were capped and incubated in a water bath at 95 °C for 90 min. After the samples had cooled to room temperature, the absorbance of the mixture was measured at 695 nm against a blank. Triplicate measurements were made and the antioxidant activity was expressed as ascorbic acid (AA) equivalent using the following linear equation established using ascorbic acid as standard: [A = 0.0013 C + 0.049; R 2 = 0.974] where A is the absorbance at 695 nm and C the concentration of ascorbic acid (mg/L). The values are presented as the means of triplicate analysis.
Free radical scavenging activity (DPPH, 2,2-diphenyl-1-picrylhydrazyl)
The free radical scavenging activity of the essential oils was determined by the DPPH free radical method [20] . A 2.0 ml methanolic solution of DPPH (0.1 mM) was mixed with 0.1 ml of oil solution (0.1 mg/ml) in methanol and, after standing for 60 min, the absorbance of the mixture was measured at 517 nm against methanol as the blank. Triplicate measurements were made and the radical scavenging activity was calculated by the percentage of DPPH that was scavenged using the following formula: % Reduction = [(AB -AA)/AB] x 100, where AB is the absorption of blank sample and AA is the absorption of tested oil solution.
Results and Discussion
The essential oils of different parts of J. excelsa were obtained by conventional hydrodistillation of the crushed fresh materials. The essential oil of the gum-resin of J. excelsa (4.4%) was a colorless oil which solidified with time to a white solid. This behavior can be attributed to the high percentage of oxygenated monoterpenes compared with other essential oils ( Table 2 ). The essential oil of the leaves of J. excelsa (0.27%) was colorless oil which stayed liquid on standing. The essential oils of the branches of J. excelsa (0.32%) and of the fruits (0.52%) were light yellow.
IR analysis
IR analysis of the essential oils of different parts of J. excelsa revealed the presence of four characteristic symmetrical stretching bands for O-H, C-H, C=O and C=C bonds ( Table 1 ). The stretching frequency of the C-H bond ranged from 2916 cm -1 in fruits and leaves to 2965 cm -1 in gum-resin. The O-H stretching band varied from strong frequencies as in the essential oils of branches and fruits, at 3430 cm -1 and 3524 cm -1 respectively, to moderate and weak frequencies as in the essential oils of gum-resin and leaves. The C=O stretching frequency ranged from 1700 cm -1 in fruit oil to 1753 cm -1 in branch oil. Such frequency ranges indicate the presence of saturated carbonyl compounds. 
GC-MS analysis
Twenty-five components, comprising 97%, were detected in the essential oil of J. excelsa gum-resin using GC-MS ( Table 2, Figures 1 & 2) . The major compound in the J. excelsa gum oil was α-pinene (80.50%); other compounds that were identified in minute proportions were E-pinocarveol (2.85%), limonene (2.46%) and E-verbenol (2.09%). Among the identified components, twelve compounds, comprising 48%, were monoterpene hydrocarbons and thirteen compounds, comprising 52%, were oxygenated monoterpenes. The oil was characterized by the absence of sesquiterpenes. The essential oil of the branches of J. excelsa contained 39 compounds. The major component in the branch oil was α-pinene (79.03%), followed by limonene (2.20%), myrcene (1.53%), and β-pinene (1.20%). Amid the revealed compounds, twelve, comprising 31%, were monoterpene hydrocarbons and ten, comprising 26%, were oxygenated monoterpenes. The essential oil of the branches of J. excelsa was distinguished by the presence of seventeen sesquiterpenes (44%). Thirty-seven compounds, comprising 98%, were identified in the EO of the leaves of J. excelsa. Limonene (50.46%) and α-pinene (31.67%) were the major compounds. Other compounds found to exist in minor proportions were myrcene (2.53%) and 3-carene (1.87%). Twelve compounds, comprising 32%, were monoterpene hydrocarbons and ten compounds, comprising 27%, were oxygenated monoterpenes. Fifteen sesquiterpenes, comprising 41%, of the oil were identified. The EO of the fruits of J. excelsa contained thirty-four components, comprising 98% of the oil. The major compounds were limonene (42.51%) and α-pinene (35.09%) followed by myrcene (3.09%), β-eudesmol (2.16%), -3-carene (2.14%) and α-humulene (2.11%). Twelve compounds, comprising 35%, were identified as monoterpene hydrocarbons and five compounds comprising 15% were oxygenated monoterpenes. The oil was characterized by the presence of seventeen sesquiterpenes comprising 50% of the oil. GC-MS analysis of the four oils of J. excelsa show some similarities and differences in their monoterpene and sesquiterpenes chemical composition. The essential oil of the gum-resin contains the lowest number of components (25 compounds) whilst the essential oil of the branches contains the highest number of components (39). Each one of the four oils contains twelve monoterpene hydrocarbons but they differ in the number of oxygenated monoterpenes. The four essential oils share 11 monoterpenes and differ in 24 monoterpenes. The identity of the major component also differs among the four oils; while the essential oils of the gum and branches contain α-pinene as the major compound (80.50% and 79.03% respectively) the oils of leaves and fruits contain limonene as the major component (50.46% and 42.51% respectively). In terms of composition of sesquiterpenes, the essential oils of leaves, branches and fruits contain varied proportions of sesquiterpenes while that of gum-resin contains no sesquiterpenes. 
Total antioxidant activity
The antioxidant activity of the essential oils of different parts of J. excelsa was evaluated by using the phosphomolybdenum method which is based on the reduction of Mo(VI) by the sample analyte and the subsequent formation of green phosphate Mo(V) complex with a maximum absorption at 695 nm. Total antioxidant activity of the four essential oils, expressed as ascorbic acid equivalent (mg of AA per g of the oil), was obtained from the calibration curve of ascorbic acid (AA) as shown in Figure 1 . The essential oil of J. excelsa leaves showed higher total antioxidant activity compared to the other three oils scoring 385.0 mg ascorbic acid (AA) equivalents followed by the EO of gumresin with total antioxidant activity of 277.0 mg (Figure 3 ). The EO of the fruits showed the lowest activity with 108.0 mg AA. 
DPPH radical scavenging activities
Another standard method to quantify antioxidant activity of essential oils is to measure their hydrogen donating ability to a DPPH radical. In this study, essential oils of different parts of J. excelsa were investigated for their radical scavenging activity and compared with that of ascorbic acid (AA) (Figure 4) . The scavenging activity of the four essential oils, as well as that of ascorbic acid, increases as the concentration increases. The four oils, however, showed lower activity than ascorbic acid. 
Conclusion
The chemical content and compositions of four essential oils extracted from resin-gum, leaves, branches and fruits of J. excelsa from Jabal Al-Akhdhar (Sultanate of Oman) were analyzed by the GC-MS method. The analysis showed some variations as well as similarities in their chemical contents and compositions. Out of a total of 35 different monoterpenes existing in the four essential oils, 11 monoterpenes are shared by the four oils. The essential oil of the resin-gum of J. excelsa is characterized by the absence of sesquiterpenespinene was found to be the major compound in the essential oil of resin-gum and branches with 80.50% and 79.03%, respectively, while limonene is the major compound in the essential oil of leaves and fruits with 50.46% and 42.51%, respectively. The essential oil of the leaves of J. excelsa shows stronger antioxidant activity and radical scavenging activity than other essential oils, but all four oils show lower antioxidant and radical inhibition activities when compared to ascorbic acid (AA). 
